Strains of Porphyromonas gingivalis, a periodontopathic bacterium, are classified into six genotypic variants based on nucleotide sequence differences in the fimA gene encoding FimA. A PCR assay using primer sets specific for each genotype has demonstrated that the most predominant fimA genotype in periodontitis patients is type II, which is now commonly referred to as the periodontitis-associated fimA genotype of P. gingivalis. However, the potential for false type II fimA positives caused by cross-hybridization of type II fimA-specific primers with type Ib fimA has complicated the genotyping. A previous study developed new primers that specifically amplified only the DNA fragment of type II fimA. The aim of the present study was to assess the prevalence of P. gingivalis fimA genotypes in Korean adults and to reconfirm the relationship between type II fimA and periodontitis using the new primers. Among 412 Korean adults, P. gingivalis was detected in 97.5 % of patients and 57.8 % of healthy subjects. Type II fimA was the most widely distributed type among healthy and periodontitis subjects. Organisms with types II, Ib and IV fimA had a significant frequency of occurrence in periodontitis subjects. Statistical analysis, however, revealed that a more significant correlation was found between periodontitis and the occurrence of type Ib fimA.
INTRODUCTION
Porphyromonas gingivalis is a Gram-negative, black-pigmented anaerobe associated with periodontal diseases (Amano et al., 1999) . P. gingivalis fimbriae are filamentous components located on the cell surface and are critical for the promotion of bacterial infection (Nakagawa et al., 2002; Amano, 2003) . The fimA gene encoding FimA, a subunit of the fimbriae, has been classified into six genotypes (I-V and Ib) based on their nucleotide sequences (Nakagawa et al., 2002) . A PCR assay using primer sets specific for each genotype has been used to determine fimA types in subjects with various periodontal and systemic conditions (Amano et al., 1999; Nakagawa et al., 2000 Nakagawa et al., , 2002 Beikler et al., 2003; Missailidis et al., 2004; Miura et al., 2005; Davila-Perez et al., 2007) . Several reports have shown that there is a significant prevalence of P. gingivalis harbouring genotypes II, Ib and IV fimA in periodontitis patients (Amano et al., 1999 Nakagawa et al., 2002; Missailidis et al., 2004; Nakano et al., 2004; Miura et al., 2005) . However, the nucleotide sequence of type Ib fimA shares 77.5 % identity with that of type II fimA (Nakagawa et al., 2002) and the potential for false type II fimA positives caused by cross-hybridization of type II fimA-specific primers with type Ib fimA has complicated the genotyping (Nakagawa et al., 2002; Enersen et al., 2008) . Recently, a new primer set, designated type II (new), was designed, and the specificity of the new primers was examined using 14 P. gingivalis strains that possessed each of the six fimA genotypes and other bacterial species (Moon et al., 2011) . The previous type II primers hybridized to the DNA of P. gingivalis strains harbouring type Ib as well as type II fimA, whilst the new primers specifically amplified only the DNA fragment of type II fimA and increased the accuracy of PCR-based detection of type II fimA (Moon et al., 2011) . Here, we evaluated the distribution of the six genotypes of P. gingivalis fimA in Koreans for the first time using the new primers.
METHODS
Clinical specimens and bacterial DNA isolation. The study comprised 412 Korean adults aged 27-75 years who were referred to receive treatment at the Department of Periodontology, Kyung Hee University Dental Hospital, Republic of Korea. The periodontally healthy controls (64 men and 64 women, mean age 42.3±13.5 years) possessed ¢20 teeth and had a healthy periodontium without bleeding on probing, no radiographic evidence of bone loss and a probing pocket depth of ,4 mm for all sites (Shelburne et al., 2008) . All patients with chronic periodontitis (172 men and 112 women, mean age 48.3±9.5 years) had a periodontal pocket depth of ¢4 mm. The exclusion criteria were pregnancy, a history of systemic or local use of antimicrobials during the 3 months before sampling and a known systemic condition that could influence the periodontal condition. Before sample collection, the subjects were requested to sign an informed consent form to participate in the study. This study was approved by the Ethical Committees of Kyung Hee University School of Dentistry (approval number: KHUSD IRB1009-02). After removal of supragingival plaque, subgingival plaque samples were taken using sterile Gracey curettes from four sites per subject and placed in a sterile tube with 1 ml sterile PBS. Bacterial genomic DNA was extracted from the plaque samples using an InstaGene Matrix kit (Bio-Rad Laboratories) according to the manufacturer's instructions. Briefly, 200 ml InstaGene matrix suspension was added to the plaque samples and the mixture was incubated at 56uC for 15 min and then boiled at 100uC for 8 min. After centrifugation, the DNA-containing supernatant obtained was subjected to PCR amplification.
PCR primers and amplification. Table 1 lists the primers used in this study. We confirmed the appropriate extraction of DNA from the plaque samples by PCR using universal primers. PCR amplification was performed in a total volume of 20 ml containing 10 ml PCR PreMix (STD02-M50h; SolGent), 0.5 mM each primer and 5 ml template DNA in sterile distilled water. The amplification reaction was performed in a thermal cycler (Model 9700; Applied Biosystems) with the following cycling parameters: initial denaturation at 95 uC for 5 min, 30 cycles of 94 uC for 30 s, 55 uC for 30 s and 72 uC for 30 s, and a final extension at 72u C for 7 min. P. gingivalis-positive specimens were analysed further to differentiate their fimA genotypes using PCR with the type II (new) primers designed by Moon et al. (2011) and genotype-specific primers, except the previous type II primer, which was designed by Amano et al. (1999) (Fig. 1a) . The PCR products were separated by electrophoresis on a 1.8 % agarose gel. The fimA genotypes I and Ib were analysed further by RsaI digestion (Nakagawa et al., 2002) (Fig 1b) . Positive and negative controls were included for each PCR set.
Statistical analyses. The comparative frequencies of P. gingivalis occurrence in periodontally healthy and periodontitis groups and the frequency of each fimA genotype with different pocket depths were analysed by a x 2 or Fisher's exact test. The odds ratio and 95 % confidence intervals were calculated to determine a significant association of fimA-type occurrences with periodontal health status. Computations were carried out using SPSS version 18.
RESULTS AND DISCUSSION
P. gingivalis has been detected at a high frequency (50.25-89.4 %) in periodontitis patients, but also at a low frequency (23.1-36.8 %) in periodontally healthy individuals (Amano et al., 1999 Beikler et al., 2003; Missailidis et al., 2004; Yang et al., 2004; Zhao et al., 2007) . Epidemiological studies have reported the distribution of fimA genotypes in subjects of different race. In Japanese and Chinese patients with chronic periodontitis, type II was the most common fimA genotype, followed by types IV and Ib, whereas in healthy subjects, type I fimA was the most prevalent (Amano et al., 1999 Nakagawa et al., 2002; Zhao et al., 2007) . The predominant fimA genotype in Caucasian and Brazilian periodontitis patients was also type II, followed by type I or Ib (Beikler et al., 2003; Missailidis et al., 2004) . Accordingly, P. gingivalis strains carrying type II fimA are commonly referred to as diseaseassociated strains that account for the pathogenesis of chronic periodontitis.
In the present study targeting the Korean adult population, P. gingivalis was detected in 97.5 % of patients and 57.8 % of healthy subjects (Table 2) , higher than the rates reported for other countries. There was no statistical difference among the various age groups. In each age group, however, a significant difference was found between periodontally healthy subjects and periodontitis patients in the prevalence of P. gingivalis (P,0.05). Similar to the results observed in Japanese and Chinese populations, genotype II, Ib and IV organisms had a significant frequency of occurrence in periodontitis subjects (Table 3 ). The incidence of type V fimA in the periodontits subjects (14/ 284) was noticeable compared with that in the healthy subjects (0/128), although the effect size (odds ratio) could not be determined because there was no event in the healthy subjects. In the patients with chronic periodontitis, P. gingivalis with type IV fimA was detected more frequently in deeper pockets (¢7 mm, 21/89) than in intermediate pockets (4-6 mm, 22/195) (P,0.05), which may indicate that type IV fimA is associated with the progress of periodontitis in Korean subjects. Multiple fimA genotypes were detected in 27.1 % of the healthy subjects and 26.7 % of the periodontitis subjects, most of which (80/94) comprised type II in combination with other genotypes. P. gingivalis with untypeable fimA was detected in 7.3 % of the subjects, including three with healthy periodontium and 27 with periodontitis (periodontitis vs healthy, P,0.05). Several studies targeting Japanese populations have reported a variable prevalence of P. gingivalis with untypeable fimA. Tamura et al. (2005) noted that one of the major characteristics of fimA genotype distribution in Japanese children and adolescents is a high frequency of untypeable strains (33.3 %). In contrast, Hayashi et al. (2012) reported that untypeable strains were detected in 8.3 % of Japanese children with gingivitis but not in the periodontally healthy and periodontitis groups. In Japanese adults, Nakagawa et al. (2002) reported that untypeable strains were found in subjects with (1.5 %) and without (4.3 %) periodontitis, whilst Asano et al. (2003) reported that untypeable strains were found in 6.3 % of Japanese adults with periodontitis. The discrepancies in prevalence of untypeable fimA among these studies may be Type II and type II (new) primer sets were tested for specificity for the respective fimA genotypes using a pure culture of P. gingivalis strains A7A1-28 (type II fimA) and HG1691 (type Ib fimA). The previous type II primers generated a 257 bp PCR product from the DNA of HG1691, whilst the type II (new) primers did not. (b) Detection of type Ib fimA by PCR amplification and RsaI digestion. Lanes 1-3, fimA amplicons from a pure culture of P. gingivalis strain ATCC 33277 (type I fimA), a mixed culture of strains ATCC 33277 and HG1691, and a pure culture of strain HG1691, respectively, using type Ib primers; lanes 4-6, amplicons of lanes 1-3, respectively, digested with RsaI. M, Molecular mass marker. due, in part, to the sampling methods employed (Hayashi et al., 2012) . Further studies are required to ascertain whether there is any possibility of new genotypes among P. gingivalis strains with untypeable fimA and to understand the significance of untypeable fimA in periodontitis.
In order to analyse the relationship between various fimA genotypes of P. gingivalis and the periodontal health status of Korean adults, we calculated the odds ratio and 95 % confidence interval. Because P. gingivalis with type II fimA was also widely distributed among the healthy subjects, the significance of type II fimA in periodontitis was less remarkable than that of type Ib (Table 3 ). In our previous study (Moon et al., 2011) , the type II (new) primers increased the accuracy of PCR-based detection of type II fimA by excluding false-negatives as well as false-positives, due to the excellent sensitivity and specificity. Apart from differences in factors such as geographical location and ethnic origin, there is a possibility that study populations in previous studies may have falsely identified a high proportion of type Ib fimA genotype as type II, probably leading to overestimation of the relative risk for genotype II fimA. However, type II fimbriae are a critical determinant of P. gingivalis pathogenicity involved in periodontal destruction (Kuboniwa et al., 2010) , suggesting that healthy subjects carrying the type II clones may have an elevated risk of disease development in future. Further studies targeting different races and geographical areas are needed to confirm the relationship between type II fimA and periodontal diseases using the new primer set. ND *Significant differences were obtained in the incidences of P. gingivalis and genotypes Ib, II, IV and V fimA between the healthy and periodontitis groups (P,0.05).
